Introduction
It has been suggested that enhanced oxidative stress may be closely related to the pathogenesis and development of arteriosclerosis [1] [2] [3] [4] ; therefore, biomarkers of oxidative stress, including thiobarbituric acid-reactive substances 5) , oxidized low-density lipoprotein 6) , and reactive oxygen species (ROS), measured as derivatives of reactive oxygen metabolites (d-ROMs) 7) , are generally measured in patients with atherosclerosisrelated diseases; however, these assay methods require blood sampling.
Recently, a simple method for assessing oxidative stress by measuring urinary 8-hydroxydeoxyguanosine (8-OHdG) levels using urine samples was developed [8] [9] [10] . 8-OHdG is a product of oxidative DNA damage following specific enzymatic cleavage after 8-hydroxylation of the guanosine base. When DNA is col was approved by the Ethics Committee of Kagawa University. Informed consent was obtained from all participants.
Urinary Assessment
Spot urine samples of participants were collected at each patient visit. Urinary 8-OHdG was measured by an immunochromatographic assay (ICR-001; Selista Inc., Tokyo, Japan) using a designated test card which measured 8-OHdG (immunochromatography) and urinary creatinine (Jaffe method) levels simultaneously. The urine samples were diluted 2 times by pure water, and 100 μL of the diluted sample was dropped on two spots on the testing card, one for 8-OhdG, the other for creatinine. After 5 minutes, the results appeared. The values are expressed as a ratio to the urinary creatinine concentration.
Urinary pH, blood, protein, and glucose were also assessed by dipstick urinalysis. When the result of urinary blood was positive, the degree of hematuria was expressed as 1＋, 2＋, or 3＋, respectively. When the result of urinary protein was positive, the degree of proteinuria was expressed as 30 mg/dL, 100 mg/dL, or ≥ 300 mg/dL, respectively. When the result of urinary glucose was positive, the degree of glucosuria was expressed as 0.1 g/dL, 0.5 g/dL, or 2.0 g/dL, respectively.
Blood Examinations
Blood sampling was performed in the morning after a 12-hour overnight fast. Plasma total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C), creatinine, white cell count, and HbA1c were measured by standard laboratory techniques. Plasma high-sensitivity C-reactive protein (hsCRP) was measured using a latex particle-enhanced immunoassay with the nephelometry method.
Measurement of CAVI
CAVIs were recorded using a VaseraVS-1000 vascular screening system (Fukuda Densi, Tokyo, Japan) with the patient resting in a supine position. The principal underlying CAVI has been described previously 16) . ECG electrodes were placed on both wrists, a microphone for detecting heart sounds was placed on the sternum, and cuffs were wrapped around both arms and both ankles. Blood pressure was measured after detecting the pulse.
CAVI was determined by the following equation:
where Ps and Pd are systolic and diastolic blood pressure, PWV is pulse wave velocity from the origin damaged by oxidative stress and repaired, the 8-OHdG produced is excreted in urine without further metabolism 11) . It is well known that urinary 8-OHdG is elevated in smokers since cigarette smoke contains a large amount of oxygen-radical-forming substances 12) . In addition, urinary 8-OHdG has been shown to be higher in diabetic patients than in nondiabetic subjects because of increased oxidative stress due to diabetes 9, 13, 14) . Furthermore, the antioxidative effects of angiotensin Ⅱ receptor blockers (ARB) have been shown to decrease urinary 8-OHdG in diabetic 14) and hypertensive 15) patients; therefore, urinary 8-OHdG is considered to be a biomarker of total in vivo systemic oxidative stress.
However, there are few data regarding the association between urinary 8-OHdG as an indicator of oxidative stress and arteriosclerosis in atherosclerosisrelated diseases, including hypertension, diabetes, and dyslipidemia. In 2006, a new arterial wall stiffness parameter, the cardio-ankle vascular index (CAVI), was proposed 16) . Its clinical significance for diabetes mellitus 17) , carotid arteriosclerosis, hypertension 18) , coronary artery disease 19) and renal disease 20) has already been reported, suggesting that CAVI is elevated in arteriosclerotic diseases. Therefore, in this cross-sectional study, we investigated the association between CAVI and the urinary 8-OHdG level, a marker of oxidative stress, in hypertensive patients without cardiovascular disease.
Methods

Subjects and Protocol
The study subjects were 100 hypertensive outpatients (53 male, 47 female; mean age 70±10 years, range 40-89 years) at Kagawa University Hospital who had been diagnosed with hypertension and were taking antihypertensive medications. Patients on hemodialysis or with a history of heart failure or ischemic heart disease were excluded. Patients with renal impairment, defined by clinically abnormal serum creatinine ＞1.5 mg/dL, were excluded. Patients with cancer were also excluded because previous studies 21, 22) reported that urinary 8-OHdG levels were elevated in patients with cancer. None of the subjects had a history of any atherosclerotic cardiovascular disease or stroke. Blood pressure was determined using the conventional cuff method at the time when CAVIs were measured. Before the measurement of CAVI, a urinary assay and blood examination were performed. Relationships among clinical characteristics, including blood pressure and laboratory data, the urinary 8-OHdG level, and CAVI were analyzed. This proto-urinary 8-OHdG level was correlated with smoking habits (r = 0.382, p＜0.001) and CAVI (r = 0.223, p = 0.026). The correlation between urinary 8-OHdG level and CAVI (r = 0.223, p = 0.026) is depicted in Fig. 1 .
Stepwise multiple regression analysis was performed to identify which parameters were independently associated with the urinary 8-OHdG level.
Stepwise multiple regression analysis was performed for all parameters in Table 2 . This analysis indicated that smoking habits (β coefficient = 0.501, p＜0.001) and CAVI (β coefficient = 0.325, p = 0.001) were independently associated with urinary 8-OHdG (Table 2) .
of the aorta to the junction of the tibial artery with the femoral artery, ΔP is Ps−Pd, ρ is blood density, and a and b are constants. After automatic measurements, the obtained data were analyzed using VSS-10 software (Fukuda Densi), and the values for the right and left CAVI were calculated. The averages of the right and left CAVIs were used for analysis. The average coefficient of variation for CAVIs in our laboratory was 3.9%, which was sufficiently low for clinical usage and indicated that these measurements had good reproducibility.
The obtained CAVI values were used to divide the subjects into two groups: 53 hypertensive patients with normal CAVIs, having values less than or equal to the age-specific normal CAVI values in Japan, and 47 hypertensive patients with elevated CAVIs, having values greater than the age-specific normal values of CAVI. The age-specific normal CAVI values in the present study were based on healthy persons without cardiovascular risk factors in a previous Japanese epidemiological study 23, 24) .
Statistical Analysis
Data are expressed as the means±SD. Statistical analysis was performed using the SPSS software package (SPSS, Chicago, IL). Linear regression analysis was performed to evaluate the association among CAVI, the urinary 8-OHdG level, and other variables.
Stepwise multiple regression analysis was performed to identify the independent determinants of CAVI and the urinary 8-OHdG level. Comparisons were made between patients with normal and elevated CAVIs using unpaired t -tests for continuous variables and chi-squared analysis for categorical data. P ＜0.05 was considered to indicate statistical significance.
Results
Clinical Characteristics of Subjects
Clinical and other parameters of the subjects are summarized in Table 1 . The percentage (73%) of subjects prescribed calcium channel blockers (CCB) was highest among those who were also taking antihypertensive drugs. Mean values of systolic (136±19 mmHg) and diastolic (81±10 mmHg) blood pressure were not high because the blood pressure of the participants was well controlled.
Association between Urinary 8-OHdG and Other Variables
Linear regression analysis was performed to examine the relationship between the urinary 8-OHdG level and other variables in all subjects ( Table 2 ). The Table 3) .
Comparisons of Urinary 8-OHdG Levels in Hypertensive Patients with Normal and Elevated CAVIs
Clinical parameters and urinary 8-OHdG levels were compared in patients with normal and elevated CAVIs ( Table 4) . Of all the parameters, the urinary 8-OHdG level was significantly higher in patients with elevated CAVIs (12.4±6.5 ng/mg Cr) than in those with normal CAVIs (7.8±4.5 ng/mg Cr) (p＜
Association between CAVI and Other Variables
Linear regression analysis was performed to examine the relationship between CAVIs and other variables in all subjects ( Table 3) . CAVIs were correlated with age (r = 0.600, p＜0. Stepwise multiple regression analysis was performed to identify which parameters were independently associated with CAVI. Stepwise multiple regression analysis was performed for all parameters in have demonstrated that urinary 8-OHdG is elevated in patients with cancer because oxidative DNA damage is linked pathologically to cancer. Other studies 13, 25) have demonstrated that urinary 8-OHdG is elevated in patients with diabetic nephropathy, who show proteinuria or glucosuria. These previous studies suggest that urinary 8-OHdG elevation may be a result of other factors (i.e., cancer and kidney disease) without the influence of arteriosclerosis. In our results, the urinary 8-OHdG level showed no correlation with the degree of hematuria, proteinuria, and glucosuria assessed by dipstick urinalysis ( Table 2 ). In addition, the participants in our study did not include patients with cancer; therefore, we believe that urinary 8-OHdG is a useful marker of oxidative stress, which is linked pathologically to arteriosclerosis in hypertensive patients.
A recent study has shown that elevated urinary 8-OHdG is associated with left ventricular hypertrophy, as assessed by the left ventricular mass index in hypertensive patients 26) . Left ventricular hypertrophy is the main mechanism of compensation for left ventricular overload, which is produced by increased arterial stiffness in hypertension. It is natural that both increased CAVI and left ventricular hypertrophy are associated with elevated urinary 8-OHdG in hypertension.
In the present study, the presence of a smoking habit was an independent determinant of 8-OHdG ( Table 2) . This is in agreement with numerous previous reports studied in smokers 11, 12) or bus depot workers, who were exposed to respirable particles and pollutants 27) ; however, our cross-sectional study can add new information by showing a significant association between the urinary 8-OHdG level and the CAVI as an indicator of arteriosclerosis in hypertensive patients. As CAVI has been demonstrated to be high in smoking subjects 24) , the smoking status also differed in the comparison between groups with normal and elevated CAVI in the present study (Table 4) ; therefore, we examined the relationship between urinary 8-OHdG and CAVI in 87 non-smokers in the present study. Multiple linear regression analysis revealed that CAVI was only one independent determinant of urinary 8-OHdG (β= 0.406, p＜0.001); therefore, arterial stiffness assessed by CAVI may be associated with oxidative stress assessed by 8-OHdG regardless of the smoking status in hypertension. Urinary 8-OHdG levels are known to be elevated in diabetic patients 9, 13, 14) . Several previous studies 14, 28) demonstrated that antioxidative effects of antihypertensive agents decreased the urinary 8-OHdG level in diabetic patients. Additional investigations may be needed to establish the clinical usefulness of measuring urinary 8-OHdG levels in hypertensive patients without dia-0.001). The percentage of current smokers was significantly higher in patients with elevated CAVIs (21%) than in those with normal CAVIs (6%) (p = 0.025).
Discussion
This study presents data regarding the relationships between CAVI and the urinary 8-OHdG level, an indicator of oxidative stress, in treated hypertensive patients who have been receiving antihypertensive drugs for at least one year. The data led us to the following conclusions. First, elevated CAVI was associated with elevated urinary 8-OHdG. Second, independent determinants of CAVIs were age and the urinary 8-OHdG level. Third, urinary 8-OHdG levels demonstrated no correlations with the results of dipstick urinalysis, including hematuria, proteinuria, and glucosuria. Finally, urinary 8-OHdG was significantly higher in patients with elevated CAVIs than in those with normal CAVIs.
The most striking result in our analysis was that age and the urinary 8-OHdG level were independent determinants of CAVI ( Table 3) . The CAVI is a parameter of arterial stiffness, which reflects arteriosclerosis 16, 17) . Our result indicates that the CAVI value is partly determined by aging, which is the most important risk factor of arteriosclerosis; however, our results suggest that oxidative stress as assessed by the urinary 8-OHdG level may also be an important risk factor of arteriosclerosis. Some previous studies 21, 22) CAVI for assessing the risk of cardiovascular events. When CAVI is measured in the clinical setting in Japan, the patient's absolute values are expressed in terms of the age-specific normal values of CAVI from a previous Japanese epidemiological study 23, 24) . In the present study, we divided the subjects into two groups: hypertensive patients with normal CAVI and those with elevated CAVI, using the age-specific normal values of CAVI. Of all parameters, the urinary 8-OHdG level was significantly higher in patients with elevated CAVI than in those with normal CAVI (Table 4) . Our data indicate the clinical usefulness of the agespecific normal values of CAVI in determining normal betes.
In the present study, age was an independent determinant of CAVI (Table 3) , which is in agreement with previous studies 16, 17) ; however, our data can add new information on the characteristics of CAVI by showing a significant association between CAVI and the urinary 8-OHdG level. One of the merits of CAVI is that it is less influenced by blood pressure than brachial-ankle pulse wave velocity 16, 29) ; however, CAVI is considerably influenced by aging, which is the most important risk factor of arteriosclerosis. As CAVI is a newly developed parameter of arteriosclerosis, few studies have elucidated abnormal values of sumption and physical activity; however, previous studies 30, 31) have demonstrated that alcohol consumption, physical activity, and unhealthy dietary habits are associated with urinary 8-OHdG. In the present study, stepwise multiple regression analysis indicated that smoking habits and CAVI were independently associated with urinary 8-OHdG (r 2 = 0.34, p＜0.001). As the value of r 2 was not high, lifestyle factors, including such as alcohol consumption, physical activity, and unhealthy dietary habits, may have contributed to the unexplained variability. Finally, the timing of smoking, alcohol drinking, and taking antihypertensives prior to the determination of urinary 8-OHdG may have been different in each patient in the present study. These factors may have influenced the results of this study.
or elevated CAVI values in a clinical setting.
The present study has several limitations. First, multiple linear regression analysis was performed by two different methods, and slightly different results were shown concerning the relationship between urinary 8-OHdG and CAVI (Table 2 and 3) . Urinary 8-OHdG is strongly influenced by the smoking habit 12) , and CAVI is strongly influenced by age 24) ; therefore, independent determinants of urinary 8-OHdG and CAVI may have been slightly different in the present study. Second, reactive oxygen species (ROS) parameters are influenced by the properties of individual substances and do not reflect ROS levels alone; therefore, two or more ROS parameters should have been examined. Third, we did not examine the association of urinary 8-OHdG with alcohol con- In conclusion, elevated CAVI is independently associated with elevated urinary 8-OHdG, a marker of oxidative stress, in hypertensive patients.
